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solar neiyhborhood is expiicitly taken intgj acts-at, Tr anscr ib- 

iny to yoiflf notation, E obtain 
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Pi6 PlPre volume knmber density of stars in the solar neiyhbor- 

hood. ‘-Si.&# ~0, the expression essentially red~~ces ts pxxr 

eq. (2). Ef W@ take x1, %he tEb%ness of the gakaxy at the 

Zi.ui'B distance fr0m the galactkc center, to -be of the order of 

idi2 ~SCS, %lac ,two terms in the denominator are af equal magni- 

;1-. L&2. Tiki6 decxeaS@S your value of '2 'by at most 3 factor of 2. 

;~owever ) b,k does gxxb"i‘t txxt that if the stars iIIW2 solar 

neighI3orhood 'were ever very muci~ closer together than they are 

&day, X can have been much smalller. Hany current ideas on 

star formation sugyest that there was a sudden condensation of 

clasters of stars Ln the remote past. The clusters then dissipate; 

apen clusters an d PiliJl.tiPlF3 star systems are thought to be the 

remnants of this process. Ef for lOi years, the stars in the 

solar neighborhood *dere ten times closer together, the effective 

2% would be smaller by a factor of 100. Life wou3.d have to 

arise very rapidly in these early times, but this may nut be 

im~essibke. E~ere is some evidence that life arose very rapidly 

3x-3 the primitive Earth. 

12 we setp = U,f'take as the mean density 02 stars in the 

universe, and Rx as the effective radius of the universe, we ob- 

a -Factor of ten less timn the previous estimate. If the big-bang 

cosmogony io correct, thenp waS Once very muc‘b? greater. zt 

tllerefore seems that if appropriate ejection and acceleration 
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and su37iva8. mechanisms exist, the lunar coemobiota population 

u- if an;i u- may be predominantly intergalactic, rather thaiI 

Piateratellar in origin. 

P wonder EE the values of ;ia are as proI~%bitive as you ss-qyest. 
"J.2 id ~~ 1016 gm, this corresponds to an average ejection Elwrd 

durirri_i ~ecal~hcab time, 5331 a terrestrid. planet, OF a.bout 

Pis -19 grn cm -2 -I see * Current estimates for tb2 ix3fal.P fh*u~ 

of meteorites OF, tire Earth are 10' to LO6 times larger. Put 

anoti~er way, the escape flux w0Jld be about 3. micro-oryanfsm 

-per square centimeter par year. khqxjpse a cme-ton meteorite 

ejects Lnto interpla.netary space ~2013 impact a mass of s~urface 

material equaE to Pi6 0% its mass (is this a rea83ona"uPe 

asemagtionl) . One kg of soil. may eontairs about 10 10 kT&XO- 

organisms, so the meteorite ejects SO" ym x 10 -2 x 10 -5 I- &- gm 

ai micro-organisms = 20 11 micro-organisms irite space. Thers- 

l'oxe, to give the requixed escape flux, 3.i)-2 oat" thle Sarth's 

mrface must have been hit by a one-ton meteorite once ciuring 

yeo%cyL2al time. Ssn"t it plausible t2lat such is the ease? 

FinalLy, I would object to your revised statement of.! the 

ngad for sterilization of lunar impact vehicles, as contain@& 

in tile copy of your reply to Dr. Lederberg, which ysu kindly 

&je rL.k to me. as s a&tempted to suggest in my paper a-2 biol.o~~i~a~. 

zonti?uainatfon of the HYicPsn, a copy of i%eif&i% is eIx!lose~3, taere 

are four ot3ner reasons for sterfbization besides the p0ssiM.e 
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confusiort of terrestria1 micro-organisms ;rith cosmsbiota. 

These acre: 

(1) a csnfusion 'between deposited terrestrial micro-oryanisms 

and reeBics 02 pzimnitive Lunar indigenous organisms 

(2) a eonfusdon between deposited terrestrial organic 

i~atter and pre'bbological lunar organic matter 

{?I 3.3 ex~3losLve reyroductiorr of deposited terrestrial micro- 

organisms in yrebiological lunar organic matter, 2;nd 

(4) interaction or 63o~kFusior~ between deporvieed terres~trial 

micro-aryaraisms and indigenous contem.porary Tunas 

os=ganilams l 

(5) interaction or confusion 'beWean deposited terrestrial 

micro-organisms a:nd ancient terrf3striab organisms, or 

their remnants, ejected to the Noon in early times. 



%ndFgemous Kusmr airy anism, or ancient terrestrial micro-organisms, 

are sc2 important , despite the fact that the probabilities or' 

makfnc; these &iscoveries caKe law, Z feel th3t rigorous steriliza- 

tien shcpsxld ;1&? supsorted. The engineers are anxious to be r&I 

02 the burdensome chore of sterilization, and I know they will seize 

upm your statement. X wo-uld therefore I.UZ~~ pbz to reconsider 

:fow: comments on Punar sterilization. 

Thank you again for sending me yoilr fascinating manuscript. 

K hope we 4U. have the oppxtunity of discussing these topics 

ayln sOam. 

Sincerely, 

Carl Sagan 
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